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Surface	
  Carbon	
  Budget	
  
Net	
  Ecosystem	
  Exchange	
  =	
  NEE	
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  Primary	
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  -­‐	
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PHOTOSYNTHETIC	
  RATE	
  
Gross	
  Primary	
  Produc<on	
  

GPP	
  =	
  PAR	
  x	
  Fpar	
  x	
  ε	
  	
  
	
  

Evapotranspira<on	
  
	
  ET	
  =	
  Transpira<on	
  +	
  Evapora<on	
  

	
  

Coupling	
  Photosynthesis	
  and	
  Transpira;on	
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gc = a + b GPP x (h/c)
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Correc;on	
  and	
  Calibra;on	
  



Sensible	
  Heat	
  



SCALE	
  INVARIANCE	
  
	
  Are	
  the	
  averaged	
  aggregated	
  values	
  the	
  same	
  as	
  the	
  average	
  value?	
  



REMOTE	
  SENSING	
  IN	
  FIFE	
  
•  Developed	
  	
  remote	
  sensing	
  algorithms	
  to	
  
produce	
  seasonal,	
  annual	
  and	
  decadal	
  maps	
  of	
  
vegeta;on	
  type	
  and	
  biophysical	
  proper;es	
  at	
  
regional	
  and	
  global	
  scales.	
  

•  Developed	
  a	
  quan;ta;ve	
  methodolgy	
  for	
  using	
  
vegeta;on	
  indices	
  to	
  monitor	
  surface	
  energy,	
  
water	
  and	
  carbon	
  exchange.	
  

•  	
  Developed	
  a	
  physical	
  understanding	
  of	
  what	
  
vegeta;on	
  indices	
  were	
  measuring	
  and	
  their	
  
dependence	
  on	
  extraneous	
  effects	
  such	
  as	
  
atmospheric	
  and	
  sun	
  angle	
  varia;ons.	
  	
  



BOREAS	
  



	
  
Ø MAJOR	
  CONTRIBUTION	
  TO	
  NASA’S	
  21ST	
  CENTURY	
  

DECADAL	
  SURVEY	
  RECOMMENDED	
  MISSIONS	
  
Ø Radar	
  
Ø Passive	
  microwave	
  
Ø Lidar	
  
Ø Op;cal	
  	
  

Ø 	
  MULTI-­‐PLATFORM,	
  MULTI-­‐ALTITUDE	
  CAPABILITY	
  	
  
DEMONSTRATED	
  SCALABILITY	
  TO	
  SPACE	
  FOR	
  KEY	
  
VEGETATION,	
  	
  SOIL	
  	
  AND	
  CLIMATE	
  
MEASUREMENT	
  ALGORITHMS	
  	
  

	
  



Radar	
  Freeze/Thaw	
  

Radar	
  backscafer	
  revealed	
  a	
  
rela;vely	
  simple	
  method	
  for	
  
characterizing	
  spring	
  thaw	
  
and	
  fall	
  freeze.	
  	
  

	
  	
  
Frolking	
  et	
  al.,	
  	
  Kimball	
  et	
  al.,	
  
	
  Goulden	
  et	
  al.,	
  Myneni	
  et	
  al.	
  



Carbon/Water	
  Coupling	
  

18	
  

LE =	
  ρCp [e*- ea]  gcga 	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  γ




 gc = GPP x (h/c)





GPP	
  =	
  PAR	
  x	
  Fpar	
  x	
  ε
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Remote	
  sensing	
  of	
  ε	
  across	
  sites	
  
	
  

Theory	
  

Amspec	
  vs	
  Tower	
   CHRIS/PROBA	
  vs	
  Tower	
  



Satellite	
  scale	
  experiment	
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4	
   5	
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7	
   8	
  

1	
  Mature	
  Doug	
  Fir	
  	
  	
  
2	
  Mature	
  Deciduous	
  
3	
  Med	
  Age	
  Jack	
  Pine	
  
4	
  	
  Mature	
  Aspen	
  
5	
  Young	
  Jack	
  Pine	
  
6	
  Mature	
  Deciduous	
  
7	
  Mature	
  Black	
  Spruce	
  
8	
  Eucalyptus	
  
9	
  Mature	
  Jack	
  Pine	
  	
  



22	
  

Temporal	
  Scaling	
  of	
  Photosynthesis	
  
Data	
  assimila;on	
  

Hilker	
  et	
  al.,	
  Remote	
  Sensing	
  of	
  Environment	
  (submifed)	
  

εopt	
  (t1)	
  
εopt	
  (t2)	
   εopt	
  (t3)	
  

εopt	
  (tn)	
  

Spectrally	
  Derived	
  
Instantaneous	
  	
  

Diurnal	
  Spa;ally	
  Explicit	
  
Time	
  Series	
  

εopt	
  



BIOMASS	
  

•  Polarimetric	
  radar	
  data	
  from	
  AIRSAR	
  were	
  
used	
  to	
  es;mate	
  biomass	
  of	
  the	
  southern	
  
study	
  area	
  (Saatchi	
  and	
  Moghaddam,	
  2000)	
  	
  

•  SLICER	
  –	
  Scanning	
  Lidar	
  Imager	
  of	
  Caropies	
  by	
  
Echo	
  Recovery)	
  flown	
  on	
  aircrap	
  
demonstrated	
  the	
  poten;al	
  for	
  lidar	
  es;mates	
  
of	
  biomass	
  density	
  (Lefsky	
  et	
  al.,	
  2002)	
  	
  



RMS	
  Error	
  Biomass	
  Density	
  
4	
  kgm-­‐2	
  





The	
  BOREAS	
  region	
  was	
  found	
  to	
  be	
  a	
  source	
  of	
  carbon	
  during	
  the	
  1990’s	
  because	
  
of	
  the	
  increase	
  in	
  fire	
  disturbance,	
  but	
  Canada’s	
  forests	
  overall	
  acted	
  as	
  a	
  small	
  
sink	
  of	
  about	
  0.35	
  TgCyr-­‐1	
  in	
  the	
  same	
  period	
  Chen	
  et	
  al.	
  (2003)	
  .	
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CARBON	
  CYCLE	
  	
  
PROVIDED	
  FOUNDATION	
  FOR	
  EOS	
  DATA	
  PRODUCT	
  ALGORITHMS	
  

AND	
  DECADAL	
  SURVEY	
  MISSION	
  CONCEPTS	
  
–  HELICOPTER	
  –	
  SPECTROMETER,	
  SCATTEROMETER	
  
–  C-­‐130	
  LIDAR	
  AND	
  MODIS	
  SIMULATOR	
  MEASUREMENTS.	
  
–  DC8	
  MULTIFREQUENCY	
  RADAR	
  
–  ER2	
  AVIRIS	
  HYPERSPECTRAL	
  
–  PIPER	
  CHIEFTAN	
  CASI	
  HYPERSPECTRAL	
  

MODIS:	
  3D	
  VEGETATION	
  PROPERTIES	
  CAN	
  BE	
  INFERRED	
  USING	
  
MULTI-­‐ANGLE	
  PASSIVE	
  OPTICAL	
  SENSORS.	
  

GEDI:	
  3D	
  VEGETATION	
  STRUCTURE	
  AND	
  BIOMASS	
  CAN	
  BE	
  
INFERRED	
  USING	
  LIDAR,	
  RADAR	
  AND	
  PASSIVE	
  OPTICAL	
  
REMOTE	
  SENSING,	
  	
  	
  

HYSPERI:	
  HYPERSPECTRAL	
  IMAGERS	
  CAN	
  MAP	
  VEGETATION,	
  	
  
PHOTOSYNTHETIC	
  AND	
  NON-­‐PHOTOSYNTHETIC	
  STRUCTURE	
  
	
  
	
  



ENERGY	
  AND	
  WATER	
  CYCLE	
  

•  DEMONSTRATION	
  THAT	
  SOIL	
  MOISTURE	
  AND	
  SOIL	
  
FREEZE/THAW	
  DATA	
  CAN	
  BE	
  MAPPED	
  REMOTELY	
  	
  
–  	
   DC8	
  	
  QUAD-­‐POL	
  MULTIFREQUENCY	
  RADAR	
  
–  	
   CV-­‐580	
  QUAD-­‐POL-­‐	
  MULTIFREQUENCY	
  RADAR	
  

•  FIRST	
  DEMONSTRATION	
  THAT	
  VEGETATION	
  
PHOTOSYNTHESIS	
  CAN	
  BE	
  MEASURED	
  REMOTELY	
  AND	
  
SCALE	
  TO	
  SPACE	
  
–  Helicopter	
  Spectrometer	
  
–  NASA	
  ER2	
  AVIRIS	
  

•  VALIDATION	
  OF	
  ENERGY	
  AND	
  WATER	
  CYCLE	
  MODELS	
  

	
  



IMPROVED	
  WEATHER	
  MODELS	
  

•  VAST	
  IMPROVEMENTS	
  IN	
  CURRENT	
  WEATHER	
  
MODELS	
  AND	
  THEIR	
  GLOBAL	
  FORECASTS.	
  
	
  

	
  



LEGACY	
  OF	
  FIFE	
  and	
  BOREAS	
  
•  Solid	
  Founda;on	
  for	
  followon	
  field	
  experiments	
  

–  BERMS,	
  Canadian	
  carbon	
  program	
  
–  LBA	
  
–  ABoVE	
  

•  Solid	
  underpinnings	
  for	
  EOS	
  
–  Mission	
  Design	
  
–  Remote	
  Sensing	
  Algorithms	
  
–  Fipeen	
  year	
  ;me	
  series	
  of	
  key	
  veg	
  states	
  and	
  rates	
  

•  Advanced	
  our	
  understanding	
  of	
  the	
  roles	
  played	
  by	
  vegetated	
  surfaces	
  
–  global	
  carbon	
  dynamics	
  
–  Interannual	
  varia;ons	
  in	
  climate,	
  weather	
  paferns	
  
–  How	
  to	
  characterize	
  the	
  ecosystem	
  state	
  and	
  carbon,	
  water	
  and	
  energy	
  cycling	
  rates	
  using	
  

modeling	
  and	
  remote	
  sensing.	
  
•  Future	
  Remote	
  Sensing	
  Capabili;es	
  

–  Lidar	
  
–  Radar	
  
–  Mul;angle	
  
–  Hyperspectral	
  
–  Atmospheric	
  CO2	
  and	
  Methane	
  


